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(54) Title: ERADICATION OF MARKS AND STAINS BY LASER 
(57) Abstract 



A method of and apparatus is described for eradicating marks and sta 
nique involves the use of a variable wavelength pulsed laser and an optical 
the treatment site. The laser produces an output in the form of a pulse having 
at an energy level in the range of 0.5 to 5 Joules at a wavelength in the range 
a single pulse or a sequence of pulses with a repetition rate selectable from 1 
eradicated using this technique. Examples are leather, wood, plastics and 



ns at or beneath the surface of a substrate. The tech- 
fibre delivery system to direct a spot of laser light at 
a duration in the range of 0.1 to 100 microseconds, 
3f 400 to 900 nanometres. The output may consist of 
to 20 Hz. Marks in many different material may be 
lesions such as tattoos and "port wine stains". 
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ERADICATION OF MARKS AND STAINS BY LASER 



THIS INVENTION concerns a meithod 
eradicating marks and stains by laser and lis 
exclusively concerned with removal of pigmehtation 
surface of a substrate. 



of and apparatus for 
particularly though not 
at or beneath the 



Applications of the method are 
of marks and stains in hides or made up 
wood especially in articles of furniture, frorh 
clothing, and any application where pigmejnted 
stains require elimination without damage to 
A further example is the removal of skin le 
lesions such as tattoo marks, moles, etc, anc 
^ "port wine" stains. . 



-nanifold, such as removal 
Articles of leather, from 
textiles and articles of 
or other marks or 
the surrounding substrate, 
ions including pigmented 
vascular lesions such as 



Attempts have been made to 
using a Q-switched ruby laser. Such a lase^ 
pulse duration in the region of 10 to 30 
power densities on the substrate in the 

9 

GW m Such power densities may cause 
substrate. Furthermore, a Q-switched ruby 
treatment beam to the site using a flexible 
to the very high power densities generated, 
must be used for delivery. 



rjemove pigmented marks 
generates a very short 
n^no seconds and imposes 
region of 1,200 to 2,800 
damage to the surrounding 
laser cannot deliver its 
oJ)ticaI fibre. This is due 
and an articulated arm 
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Additionally, ruby lasers operate 
system, usually 693 nanometres. 



on a single wavelength 



An object of the present invention is to provide a 
method of and apparatus for the eradication of marks and stains, 
using a tunable laser which is effective in rerioval whilst operating at 
power densities far less than that generatejl by a Q-switched ruby 
laser, and with longer pulse duration, and wlierein a flexible optical 
fibre may be used to deliver the treatment bepm to the site. 



or 



According to the present invention 
method of eradicating marks and stains at 
a substrate, comprising the step of directing 
light generated by a variable wavelength 
operating to produce an output in the 
duration in the range of 0.1 to 100 mi 
in the range of 0-5 to 5 Joules, and at a 
400 to 900 nanometres. 



form 



icrosecpnds 



war'e 



there is provided a 
beneath the surface of 
at said surface, laser 
pulsed laser, the laser 
of a pulse having a 
, at an energy level 
length in the range of 



In a preferred method the laser 
pulses with a repetition rate in the range of 1 



Still further, the laser energy is 
the surface via a single or multiple core 
size in the range of 600 to 1500;m, 



In this way, the fibre optic delive{r>' 
held allowing for the adjustment of the spot 



produces a sequence of 
to 20Hz. 



preferably delivered to 
optical fibre having a core 



system may be hand- 
size of the laser beam 
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on the surface, so that it can be selected 
100mm in diameter. 



The basic principle behind the 
used to irradiate the site of the mark or 
the wavelength at which the laser operates 
mark or stain absorbs the radiation whil 
substrate absorbs only little and so is not 
selective effect is obtained. 



iDethod is that the laser is 
stlain in the substrate, and 
is chosen so that the 
t unmarked surrounding- 
damaged. In this way a 



Further according to the prejs 
provided a pulsed laser apparatus for eradicating 
or beneath the surface of a substrate, the 
variable wavelength pulsed laser which is tunable 
in the form of a pulse having a duration in 
microseconds, at an energy level in the rang^ 
at a wavelength in the range of 400 to 900 nanometres. 



The apparatus comprises a fibr|e 
incorporating an optical fibre having a core 
1500;nn. 



It is believed that the aforesaid 
in many different applications such as the 
marks and stains at or beneath a transluce 
creation of marks, for example, on self-coloi|red 
removing pigmentation preferentially in selected 



within the range of 1 to 



ent invention there is 
marks and stains at 
apparatus comprising a 
to produce an output 
the range of 0.1 to 100 
of 0,5 to 5 Joules, and 



optic delivery system 
size in the range 600 to 



method may be effected 
removal of pigmentation 
nt surface and also for 
plastics material by 
areas thus to produce 



i 
I 

i 

I 
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identification marks. One example of such 
cable having self-coloured sheathing which, 
laser light in accordance with the inverytion may be selectively 

marked. 



application is an electrical 
by the applicarior. by the 



Coloured substrates may ha\ 



e a patterr; or printing 



imposed thereon, by selective eradicationj of pigmentation. These 

effects may be established at and/or jus: t^enearh the s^jrface cf thv 

I 

substrate thus to be visible thereat. | 



An embodiment of the metho^ in accordance with the 
invention will now be described in rek tion to the removal or 
reduction of skin lesions such as tattoo marWs and port wine stains. 



A tattoo mark is produced by 
blue or black) introduced into the dermis, 
are not removed by normal cellular acti 



a dark pigment (usually 
The particles of pigment 
vitv and so the mark is 



permanent. The colour particles which make up the tattoo usually 



absorb well at wavelengths in the red 
corresponding to a wavelength in the range 
However, these wavelengths are not absorbec 



and so are scattered such that the ene/gy is dissipated over a 
relatively large area with little or no effect 



part of the spectrum 
of 650 to TOOnanometres. 
bv normal unmarked skin 



on normal tissue. 



In the lesion itself the radiiition is very efficiently 
absorbed and so the energy is concentrated in or around the 
pigmented area. 
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The design of the laser system is such as to increase the 
discrimination between tissue which form^ part of the lesion, and 
normal unmarked tissue. For example, pulsed energy is important. A 
pulse of energy is deposited in the effected tissue for a time which is 
short when compared with the thermal rela:ication time of the tissue. 
This means that the heat is generate! locally and will not 
significantly spread by conduction to other, non-pigmented tissue. 

Thus, thermal injury to the adjacent tissue is avoided. This is an 

i 

important aspect of the present invention for use on skin lesions, in 
contact with methods which use continuoijs wave lasers (including 
carbon dioxide and argon lasers) producing 
thermal injury to the surrounding tissue. 



a much higher degree of 
Furthermore, pulsed 



radiation generates an acoustic shock wave at the treatment site, 



of the treatment. This 
:ed particles into smaller 



which generally improves the effectiveness 
appears to be due to the breakup of pigmen 
pieces which can then be removed by norirjal cellular activity. To 
generate a shock wave the pulse must be of a duration in the range 
of 0.1 to 100 microseconds, with an optimum duration of between 1 
and 5 microseconds. 



treatment 



A tunable or variable wavelength 
treat skin lesions in several different w^ys 
complete removal within one or two 
treated should be in the region of 1 to 3mrr 
However, the consequent high energy dens 
thermal injury and there would be some 
well and is not extensive. This process coTnp 



laser may be used to 
For example, for 
sessions, the area 
in diameter, per pulse, 
ity results in selective 
, but this will heal 
ares most favourably 



scarrmg 
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i 
I 

with existing practice using, for example, carbon dioxide lasers where 
there is no tissue selectivity and where rejnoval of a large area of 



tissue is required with significant thermal 



injury and scarring. In 



effect, when laser apparatus is used in accordance with the invention 
it requires much less operator skill since it is less likely to produce 
accidental or co-lateral thermal damage when compared with existing 

processes. 

In alternative eradication mode a spot size of 3 to 5mm 
may be treated requiring 3 to 4 sessions lor each irradiated area. 
Consequently, this results in much less thernial damage but requires a 
greater number of process sessions. 



Again, complete removal of p 
achieved with no residual scarring at all, but 
process sessions on a larger site would b 
gradual fading of the lesion. 



When the process is applied 
vascular lesions such as "port wine stains", 
be selected in the range of 20 to 100 
wavelength should be in the region of 500 to 



igmentec lesions can be 
in this case some 5 to 7 
e required, resulting in 



mi 



to the eradication of 
the pulse duration must 
croseconds, whilst the 
600 nanometres. 



Selection of the operating parameters of the laser within 
the scope of the invention as aforesaid may be made according to the 
nature of the mark or stain to be removed, and of the substrate 
material. I 
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The laser, may be either a 
tunable solid state laser such as a titanium 
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It is envisaged that the operat 
may be selected automatically by a control function which responds to 
a selection of a mark/substrate type. In this way, semi-skilled or 
perhaps even unskilled technicians may bti capable of eradicating 
marks and stains effectively. 



flash tube excited laser or a 
sapphire lase**. 



ting ranges of the laser 



I 
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CLAIMS 



1. A method of eradicating markj and stains at or beneath 

the surface of the substrate, comprising th^ step of directing at said 
surface, laser light generated by a variably wavelength pulsed laser, 
the laser operating to produce an output 
having a duration in the range of 0,1 to 
energy level in the range of 0.5 to 5 Joule?, and at a wavelength in 
the range of 400 to 900 nanometres. 



in the form of a pulse 
100 microseconds, at an 



2, A method according to Clai 

duration is in the range of 0.1 to 20 mic 



itn 1, wherein said pulse 



:croseconds. 



m 



1. wherein said pulse 



3^ A method according to Clai 

duration is in the range of 20 to 100 microseconds 

4. A method according to Claim l| or Claim 2, wherein said 
pulse wavelength is in the range of 400 to 8^)0 nanometres, 

5. A method according to Claim 1 or Claim 3, wherein said 
pulse wavelength is in the range of 500 to 600 nanometres. 



6. A method according to any preceding 

laser output consists of a sequence of 
selectable in the range of 1 to 20Hz. 



claim, wherein the 
pulsles with a repetition rate 



7. A method according to any pre 

laser energy is delivered to the substrate 



ceding claim, wherein the 
surface via an optical fibre 
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having a core size in the range of 600 to ISOO/zm. 



8. 



Apparatus for eradicating nnarks 



the surface of a substrate, comprising a variable wavelength pulsed 
laser adapted to produce an output in the rorm of a pulse having a 
duration in the range of 0.1 to 100 nnicrose::onds, at an energy level 
in the range of 0.5 to 5 Joules, and at a wavelength in the range of 
400 to 900 nanometres. 



and stains at or beneath 



Apparatus according to Claim 



duration is in the range of 0.1 to 20 microseconds. 



8, wherein said pulse 



10. 



Apparatus according to Claim | 8, wherein said laser is 



adapted to produce a pulse of duration in | the range of 20 to 100 



microseconds. 

11. Apparatus according to Claim 

said laser is adapted to produce a pulse of w 
400 to 800 nanometres. 



8 or Claim 9, wherein 
avelength in the range of 



12. Apparatus according to Claim 8 or Claim 10, wherein 

said laser is adapted to produce a pulse of wavelength in the range of 
500 to 600 nanometres. 



13. Apparatus according to Claim 

adapted to produce a sequence of pulse 
selectable from 1 to 20Hz. 



8, in which said laser is 
J at a repetition rate 
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14. Apparatus according to any tone of Claims 8 to 13, 
including an optical fibre connected to thu output of the laser for 
delivery of said laser light, and having a pore size in the range of 
600 to 1500;im. 

15. A method of eradicating skin lesions including pigmented 
lesions such as tattoo marks, moles, etc. and vascular lesions such as 
"port wine stains", the method comprising j the steps of directing at 
the treatment site, laser light generated ()y a variable wavelength 
pulsed laser, the laser operating to produce 
a pulse having a duration in the range of 0. 

an energ>' level in the range of 0.5 to 5 Jollies, and at a wavelength 
in the range of 400 to 900 nanometres. 



an output in the form of 
1 to 100 microseconds, at 



16 



A method according to Claim 15, wherein said pulse 
duration is in the range of 0.1 to 20 micjoseconds for removal of 
pigmented lesions. 



17. A method according to Claim 15, wherein said pulse 
duration is in the range of 20 to 100 microseconds for removal of 
vascular lesions. i 

I 

18. A method according to Claim 15 or Claim 16. wherein 
said pulse wavelength is in the range of 4{jo to 800 nanometres for 
pigmented lesions. 



19. 



A method according to Claim jlSor Claim 17, wherein 
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said pulse wavelength is in the range of 500 to 600 nanometres for 
vascular lesions. ! 



20. A method according to Claim 15, wherein said pulse 

duration is in the range of 1 to 5 microseconjds for pigmented lesions. 



21. A method according to any o^e of Claims 15 to 20, 

I 

wherein the laser energy is delivered to the lesion site via an optical 
fibre having a core size in the range of 600 to ISOOfim, 



22. A method according to Claim 

fibre delivery system is hand-held thus to 
spot size of the laser beam on the lesion 
determine intensity of the energy per pulse 



21, wherein the optical 
allow adjustment of the 
lite and thus in turn to 
generated at the site. 
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